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COVER: Emission pattern from a nickel emitter at room temperature 
and an oxygen pressure of 10° torr. The small, sharply defined, bright 
rings are centered on the (110) crystallographic planes. These rings 
represent a rapid rearrangement of surface atoms during oxygen 
adsorption. (See page 220.) 


Bureau Strengthens 


Measurement Service Activities 


DR. ALLEN V. ASTIN, NBS Director, has an- 
nounced staff appointments and related organizational 
changes aimed at giving greater emphasis to its pro- 
grams that support directly the Commerce Depart- 
ment’s responsibilities for promoting economic growth 
through science and technology. All of the Depart- 
ment of Commerce programs concerned with the de- 
velopment of commercial and industrial standards, 
including international standards, are now assigned to 
the Bureau. In addition, on the recommendation of 
the Federal Council for Science and Technology, the 
Office of Science and Technology recently designated 
the Bureau as the coordinating agency for a newly 
established National Standard Reference Data System.’ 

Dr. Robert D. Huntoon, presently Deputy Director, 
has been assigned responsibility for managing the 
Standard Reference Data Program and has been re- 
designated Deputy Director for Basic Standards and 
Services. Dr. Huntoon will continue to manage NBS 
programs associated with the development of basic 
measurement standards and for calibration services 
associated with the dissemination of the basic meas- 
urement standards. 

Dr. Irl C. Schoonover, formerly Associate Director, 
has been appointed to the newly created position of 
Deputy Director for Technological Standards and Serv- 
ices. He will have responsibility for all programs in- 
volving the development of industrial standards and 
test methods which provide the common basis for the 
exchange of technological products and services in 
industry and commerce. Such programs, which will 
be carried out in cooperation with private standardiz- 
ing organizations, are of current importance in inter- 


national trade where new and rapidly changing markets 
are assuming great significance for American industry. 

Associated with these changes, the Commodity Stand- 
ards Division of the Office of Technical Services, U.S. 
Department of Commerce, has been transferred to the 
National Bureau of Standards to become part of the 
Bureau’s increased and concentrated effort on tech- 
nological standards. Dr. A. T. McPherson, formerly 
an Associate Director of NBS, and more recently As- 
sociate Director of the Office of Technical Services, 
is returning to the Bureau as Special Assistant to the 
Director for International Standards. 

Dr. Astin also announced that Russell B. Scott, pres- 
ently Acting Director of the NBS Boulder Laboratories 
(Colorado), has been appointed to the new position of 
Manager of the Boulder Laboratories. 


Robert D. Huntoon 


Dr. Robert D. Huntoon has been Deputy Director 
of the National Bureau of Standards for the past five 
years. This climaxed more than two decades of service 
with the Bureau in which Dr. Huntoon organized and 
directed fundamental research on atomic physics, elec- 
tronic digital computers, electron physics, electronic 
instrumentation, and electronic ordnance devices, in- 
cluding guided missiles. Dr. Huntoon has been the re- 
cipient of many awards, including the Presidential 
Certificate of Merit and Department of Commerce Ex- 
ceptional Service Award for V. T. fuze contributions, 
Washington Academy of Sciences Award in Physical 
Sciences, Certificates of Appreciation from the OSRD, 


Robert D. Huntoon Irl C. Schoonover 
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War Department, and Secretary of War, a Naval Ord- 
nance Development Award for contributions to Elec- 
tronic Ordnance. Dr. Huntoon joined the Bureau staff 
in 1941, and immediately played an important role in 
the development of V. T. fuzes. From 1944 to 1946, 
Dr. Huntoon was on loan to the Secretary of War as 
a Consultant; overseas, in Europe, during this period 
he assisted in the evaluation of V. T. fuzes and elec- 
tronic aids to bombing, and their proper exploitations 
by the military. In 1946, returning to the Bureau, Dr. 
Huntoon served in a succession of increasingly re- 
sponsible posts, becoming Chief of the Atomic and 
Radiation Physics Division; in 1951, he went to Co- 
rona, California to serve for two years as Director of 
the newly established NBS Corona Laboratories (an 
activity later transferred to the Navy). Dr. Huntoon 
was appointed NBS Associate Director for Physics 
in 1953, and Deputy Director in 1958. He was born 
in Waterloo, Iowa, in 1909, studied at lowa State Teach- 
ers College, and took his Ph. D. degree in experimental 
nuclear physics from State University of Iowa in 1938. 
He is a fellow of the Institute of Radio Engineers and 
of the American Physical Society, and a member of 
numerous other learned and professional societies. 


Irl C. Schoonover 


Dr. Irl Schoonover has for the past five years been 
an Associate Director of the National Bureau of Stand- 
ards, serving as principal staff advisor to the Director 
on program development, coordination, and evaluation. 
He has addressed special attention to the long-range 
activities of the Bureau in relation to the needs of 
science and technology. Dr. Schoonover’s 30-year as- 
sociation with the Bureau has included the organiza- 
tion and direction of basic research programs in the 
properties of materials, particularly at extremely high 
temperatures. He is internationally known for his 
direction of a research program on dental materials, 
and he pioneered in polymer structure research at the 
Bureau, where his work and leadership provided an 
integrated approach to studies of. the chemical and 
physical properties of long-chain molecules in rela- 
tion to structure. Dr. Schoonover received the De- 
partment of Commerce superior accomplishment award 
in 1946 for his work on refractory materials, done 
while on loan to Los Alamos, and in 1961 was awarded 
the Department of Commerce Gold Medal for Excep- 
tional Service, being cited for “extraordinary versatility 
as a scientist-executive, and . . . exceptional leader- 
ship.” Dr. Schoonover was born in Belington, W. Va., 
and did undergraduate work at Davis and Elkins Col- 
lege and George Washington University. He holds 
M.A. and Ph. D. degrees from Princeton University. 
He has held offices in various learned societies, and 
is the author of many papers and articles in his field. 
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A. T. McPherson 
Dr. A. T. McPherson has for the past 16 months been 


Associate Director of the Office of Technical Services 
of the Department of Commerce. There he worked 
with Government agencies and national standards or- 
ganizations in developing a new program of inter- 
American cooperation on standards. Prior to this, 
Dr. McPherson had for 10 years been an Associate Di- 
rector of the National Bureau of Standards, coordinat- 
ing committee activities on codes and specifications, 
and directing Bureau-wide calibration and testing serv- 
ices. A 1918 appointee to the NBS staff, Dr. McPher- 
son’s career at the Bureau has included work in the 
fields of gas chemistry, electrical insulation, natural 
and synthetic rubber, and high polymers. From 1943 
to 1951, he was Chief of the Organic and Fibrous Ma- 
terials Division, with the major part of his own scien- 
tific work concentrated on rubber research. During 
the rubber shortage in World War II, he served as a 
technical advisor on the Rubber Survey Committee, and 
was instrumental in the application of numerous new 
techniques in the making of both natural and synthetic 
rubbers. Dr. McPherson was born in Marceline, Mo., 
studied at Trinity University and the University of 
Texas, and was awarded his Ph. D. in chemistry from 
the University of Chicago in 1923. He is the author 
of many research papers, is a past president of the 
Washington Academy of Sciences, and has long been 
active in various other professional societies. 


Russell B. Scott 


Russell B. Scott has for the past 10 months served as 
Acting Director of the Boulder, Colo., Laboratories of 
the National Bureau of Standards. Mr. Scott was 
Chief of the Cryogenic Engineering Laboratory at 
Boulder from its establishment in 1954 until his ap- 
pointment as Acting Director. The Cryogenic Labora- 
tory is one of three which comprise the NBS Labora- 
tories at Boulder, the others being the Central Radio 
Propagation Laboratory and the Radio Standards Lab- 
oratory. Mr. Scott is a veteran of 35 years service in 
the cryogenic field with the Bureau, beginning with a 
post in the low temperature section in Washington Lab- 
oratories in 1928. During World War II Mr. Scott 
was involved in the work of determining properties of 
uranium compounds, in support of the Manhattan Proj- 
ect. In 1948, he was appointed Chief of the Cryo- 
genic Physics Section in Washington. Mr. Scott was 
born in Ludlow, Kentucky, in 1902, took his undergrad- 
uate training at the University of Cincinnati and the 
University of Kentucky, and was awarded an M.S. de- 
gree in physics from the latter school in 1928. 


‘ National Standard Reference Data System, NBS Tech. 
News Bull. 47, No. 8 (Aug. 1963). 
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Galvanostalametry 


a method for investigating electrochemical phenomena 


GALVANOSTALAMETRY, a technique involving the negative pressure in columns 
of liquid, is now being adapted to investigations of electrochemical phenomena by John 
Sligh and Abner Brenner of the electrolysis and metal deposition laboratory.!. In 
galvanostalametry (derived from galvano, meaning current, and stalao, meaning to 
drop) a vertical column of liquid is suspended in an evacuated glass tube by adhesion 
to the closed top of the tube. If during electrolysis, a minute quantity of gas forms at 
an electrode at the top of the tube, the column of liquid drops abruptly. Galvano- 
stalametry provides an effective means for measuring electrolytic and time parameters 
by using the formation of gas at an electrode as an indication of an electrode reaction. 
In work supported by the U.S. Air Force, the Bureau has related numerous electro- 
chemical reactions to galvanostalametric drop-time observations, thus providing addi- 
tional means for investigating these reactions. 

Electrochemical phenomena occurring at electrode-electrolyte interfaces have been 
studied in the past by measuring electrode potentials and current densities. However, 
electrochemists using these methods were unable to determine distinctly when a gas 
was initially liberated at an electrode. The present method is sensitive to the first 
discharge of gas and is thus of considerable value for investigating chemical changes 
at the interface. Galvanostalametry will be especially applicable for determining the 
area of an electrode, obtaining information on the kinetics of ion deposition or dis- 
charge at an electrode, determining the concentration of a salt solution, and measuring 
hydrogen and oxygen overvoltage. 


Apparatus 


The apparatus employed for galvanostalametry consists of a meter-long glass tube, 
closed at the top, with a reservoir of approximately a liter capacity attached to the 
bottom giving the apparatus a J shape. -Two electrodes are usually sealed in the top 
of the vertical tube or, if the reaction of only one electrode is of interest, the second 
electrode may be inserted in the reservoir. Other electrode designs have also been 
employed depending on the nature of the experiment. 

The source of electricity varies with the type of measurement. For example, if 
the process involves a steady current, a six-volt battery is adequate. On the other 
hand, higher potentials are needed for experiments involving condenser discharges. 
A potentiometer and other appropriate instruments are employed for measuring cur- 
rent, voltage, charge, and time involved in dropping the column. 


Procedure 


An experiment is begun by introducing a hot electrolyte into the mouth of the 
reservoir and evacuating the apparatus until the solution reaches room temperature. 
This procedure removes most of the dissolved gases and provides a stable suspended 
column. The evacuated apparatus is then inverted to fill the tube. When the appa- 
ratus is returned to an upright position, the electrolyte remains suspended at the top 
of the tube by virtue of the adhesion between the electrolyte and the top surfaces of 
the tube. The electrolyte, thus under tension, may remain suspended indefinitely. 
However, it will suddenly drop when microscopic gas bubbles form on the electrodes 
during electrolysis. 


This relatively simple apparatus is used in 
galvanostalametriec investigations. The electro- 
lyte is held at the top of the evacuated tube 
until minute quantities of gas forming at the 
electrode-electrolyte interface cause the liquid 
column to drop into the reservoir. 
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Experimental Studies 


Preliminary investigations showed that various tube 
diameters and normal variations in’ room temperature 
had little effect on the experiments; however, equal col- 
umn heights and equal degrees of vacuum were neces- 
sary to give good reproducibility among experiments. 
Other investigations showed that the charge of current 
required to drop the column was independent of the 
electrode material. 

The quantity of hydrogen that must be formed on 
an electrode to cause a column of electrolyte to drop 
was determined in some initial experiments by meas- 
uring the charge required to drop the column using 
an electrode of known geometrical area. The results 
agreed with former calculations? and fixed the critical 
amount of gas forming on the electrode to be of the 
order of a single molecular layer. 

Further studies of electrode areas were carried out 
by ascertaining the critical electrical charge required 
to drop the column. The results of these studies were 
applied to determine the areas of unknown electrodes 
having irregular shapes. Such galvanostalametric area 
determinations were found to be accurate within 5 
percent of the measured electrode area regardless of 
its shape. 


Oxide Thickness Measurements 


In other experiments thickness measurements were 
made by galvanostalametry on oxide layers produced 
on copper electrodes. For such measurements, involv- 
ing time-current-charge data for reducing the oxide to 
copper metal, the dropping of the column provides a 
sharper end point than the inflection of a potential-time 
curve used in conventional electrochemical oxide thick- 
ness determinations. 

In evaluating galvanostalametry for measuring oxide 
thicknesses, an oxide layer was electrolytically pro- 
duced on pieces of copper of known area, and the the- 
oretical thickness of the oxide layer was calculated. 


These pieces of oxidized copper then served as test elec- 
trodes in the galvanostalametry apparatus. The time 
for the liquid column to fall was taken as the time to 
electrolytically reduce the oxide, plus the time to form 
sufficient gas on the electrode to drop the column. The 
oxide thickness calculated from galvanostalmetric 
data was found to be in close agreement with the 
theoretical oxide thickness. 

In further studies, oxide layers were produced by 
heating copper pieces. From weight determinations 
average theoretical oxide thicknesses were calculated. 
Galvanostalametry, employing the oxidized copper 
pieces -as test electrodes, provided data giving calcu- 
lated oxide layers approximating the theoretical thick- 
nesses. In these determinations, the time required to 
produce sufficient gas to drop the column was small 
compared to that required to reduce the oxide. The 
total time for the liquid to fall was therefore essentially 
that required to reduce the oxide. 


Limiting Current Studies 


Galvanostalametry was also applied to studies of 
limiting current density. Investigations have shown 
that the limiting current of an electrolyte is propor- 
tional to its concentration. If the limiting current is 
exceeded, hydrogen and oxygen are liberated at their 
respective electrodes and, in galvanostalametry, cause 
the column to drop. Experiments with potassium 
iodide solutions showed that the time required to drop 
the column was roughly proportiona! to the potassium 
iodide concentration. Such a relationship indicates the 
possibility of using galvanostalametry as an analytical 
tool. 


Overvoltage Studies 


Electrochemists interested in minimum bubble over- 
voltage values may find galvanostalametry useful be- 
cause initial evolution of gas bubbles, indicating over- 
voltage, was formerly hard to detect. The minimum 


Various types of electrodes are fitted near the top of the vertical tube of the galvanostalametric apparatus. 
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Above: In studies of hydrogen and oxygen overvoltage it 
was found that unbuffered solutions produced voltage val- 
ues considerably different from those produced from buf- 
fered solutions. This difference was explained by large 
PH changes at an electrode during passage of current in 
the course of the galvanostalametry. Right: Data for this 
plot of current versus time of electrolysis for postassium 
iodide solution were compiled during limiting current 
density studies. The difference between the current-time 
relationship for solution A (0.01 molar) and that for 
solution B (0.05 molar) indicates that galvanostalametry 
may be useful as an analytical tool. 


bubble overvoltage value is defined as the difference 
between the observed electrode potential of an aqueous 
electrolyte and the theoretical reversible potential for 
the electrode reaction. 

Buffered electrolytes were found to produce hydrogen 
bubble overvoltage values which roughly parallel the 
theoretical reversible potential but differed by about 40 
mv. Oxygen bubble overvoltage values were less re- 
producible. Previous difficulty in reproducing over- 
voltage values, caused by difficulty in detecting 


John Sligh, a Bureau chemist, connects a current source 
to the electrodes of the galvanostalametry apparatus used 
for investigating electrochemical phenomena. 
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minute gas quantities, should be greatly reduced by 
galvanostalametry. 


Chemical Reaction Time 


In other work, galvanostalametry was employed to 
determine the time required for hydrogen- or oxygen- 
producing chemical reactions to occur. Some theories 
state that such reactions occur instantly at an electrode; 
others state that the reaction is completed more slowly. 
To resolve this problem by galvanostalametry, the times 
of the shortest pulse of current that would drop the 
column (by liberating bivalent oxygen) and the short- 
est pulse that would drop the column (by liberating 
monovalent hydrogen) were determined to be no more 
than 10 and 5 usec, respectively. As there was no 
way of telling whether or not the column fell within 
either of these time intervals, since the reaction might 
continue beyond the pulse time, one pulse was applied 
and immediately followed by the reverse pulse which 
terminated further reaction. This 15-ysec composite 
waveform caused the column to fall indicating that hy- 
drogen formation occurs in no more than 5 psec. By 
reversing this waveform it was shown that oxygen was 
formed in no more than 10 usec. 

The Bureau plans to continue galvanostalametric 
investigations to gain higher precision and to develop 
analytical methods. The effects of such variables as 
surface tension and electrode materials, as well as tech- 
niques for investigating the decomposition potential of 
nonaqueous solvents, will also be studied. 


* Galvanostalametry, a new technique based on the 
negative pressure of liquids for investigating electro- 
chemical phenomena at an electrode, by John L. Sligh 
and Abner Brenner, J. Electrochem. Soc. 110, No. 11, 
pp. 1136-1142 (Nov. 1963) . 

*The limiting thickness of an electrolyzed gas film 
capable of sustaining a given negative pressure, by L. J. 


Briggs, J. Chem. Phys. 21, No. 5, 779 (1953). 
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THE EXCELLENT rubberlike characteristics of 
polymerized ethylene-propylene were discovered in 
Italy a few years ago. Since then these copolymers— 
because of the low cost of the raw materials and their 
many potential applications—have been the subject 
of intense developmental activity in this country. How- 
ever, their propylene content must be controlled to 
achieve the elastic quality of rubber, and reported analy- 
tical techniques have not been adequate for determining 
propylene concentrations in both raw and vulcanized 
copolymers. 

A study was therefore recently undertaken at the 
Bureau to work out a procedure for measuring propy- 
lene content over a range of concentrations up to 100 
mole percent in both raw and vulcanized polymers.* 
In this work, conducted by James E. Brown, Max Tryon, 
and John Mandel of the polymers laboratory, an infra- 
red spectrometric method developed earlier * was re- 
fined and applied to the problem. The improved tech- 
nique was found to give both accurate and rapid results. 

An essential feature of this technique is the use of a 
calibration curve to interpret infrared spectra of pyro- 
lyzed specimens in terms of propylene content. In 
experiments to develop the calibration curve, ethylene- 
propylene copolymers having nominal concentrations 
of 10, 20, 31, 40, and 50 mole percent propylene were 
used, together with a polyethylene material and a poly- 
propylene material which served respectively as zero 
and 100 mole percent propylene samples. A test tube 
holding a sample weighing 0.25 g was placed in a pyrol- 
ysis furnace previously heated to 450 °C. A smaller test 
tube was inserted into the larger tube to direct the 
distillate along the hot wall of the larger tube, and the 
pyrolyzate condensing at the open end of the larger 
tube was allowed to run into a third tube. 

After pyrolysis, specimens of the pyrolyzate obtained 
from several samples of each propylene concentration 


Top of page: First step in the quantitative analysis of 
a vulcanized ethylene-propylene copolymer (dark sub- 
stance in one end of the large test tube). The specimen 
is being inserted in a pyrolysis chamber where it will be 
held at 450 °C until the pyrolyzate distills off into the 
small test tube in the beaker (bottom center). 


Right: James E. Brown identifies the absorption bands of 
an ethylene-propylene specimen that has been scanned 
with an infrared spectrometer. The specimen is held be- 
tween sodium chloride windows in the square specimen 
holder (right center), and the infrared source is contained 
in the housing at far right. 
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 » Ethylene-Propylene 
Copolymers Rapidly Analyzed 


were scanned separately with an infrared spectro- 
photometer through frequencies from 950 cm™ to 850 
cm™ (10.5 » to 11.8 »). Strong absorption bands, 
which varied in intensity according to the propylene 
concentration, were found at 909 cm“! and at 889 cm". 
The ratio R of these absorbances (R=Ag09/Ass9) was 
then calculated for each specimen. The resulting values 
were averaged for all the specimens at each concentra- 
tion over the entire concentration range. It was found 
that the common logarithm of R could be represented 
by a linear function of the mole percent of propylene 
in the copolymer. The R values were multiplied by 
100 to avoid negative numbers. 

These values were used to establish a calibration 
curve. Each point on the curve is the average of 10 
determinations. The point for polyethylene (the zero 
percent propylene sample) deviates from a straight 
line, probably because of the crystallinity of the pyroly- 
sis products of polyethylene. Consequently, this point 
was not included in calculating the curve. 

The values obtained for specimens at each concentra- 
tion were analyzed statistically-to ascertain the repro- 
ducibility of the technique, both within sets of varying 
concentrations and among sets of measurements made at 
different times and on different spectrophotometers. 


NBS Technical News Bulletin 


20% C3 


0% Cy 


889 


909 


is 50% Cz 100% C3 
“31% C3 


909 


AVG. OF LOG io 100R 


6 10. 20. 30 40 56 6 58 
889 MOLE % PROPYLENE 


Left: Typical infrared spectra from a study of polymerized ethylene-propylene. The peaks shown are indicated in 
cm”, and the nominal compositions in mole percent propylene (indicated by C;). Right: Ethylene-propylene copoly- 
mers were quantitatively analyzed by an infrared spectrometric technique. Average values found for the logarithm 
of the ratio of two peak absorbances for samples of the polymers were plotted against varying amounts of propylene 
contained in the copolymers to establish this type of calibration curve. 


This analysis showed that the method was sufficiently For further technical details, see Determination of 
precise within established tolerances, and that the an- propylene in ethylene-propylene copolymers by infrared 
alytical technique employed could be adapted to the spectroscopy, by James E. Brown, Max Tryon, and John 
evaluation of a variety of vulcanized materials. In Mandel, J. of Anal. Chem. 35, No. 13 (Dec. 1963). 
the experiments, pyrolysis of a specimen and its infra- * Determination of natural rubber in GR-S-natural 
red analysis were often accomplished in less than 15 rubber vulcanizates by infrared spectroscopy, by Max 
min, indicative of the rapid results that may be obtained Tryon, Emanuel Horowitz, and John Mandel, J. Research 
with the NBS method. NBS 55, 219 (1955) RP2623. 


Change in Broadcast Schedule of 
WWVB and WWVL 


Starting January 1, 1964, and continuing until further notice, NBS radio stations 
WWVB (60 kc/s) and WWVL (20 kc/s), Ft. Collins, Colo., will reduce their broadcast. 
time from the present 24-hour schedule to 6 hours a day. On January 1 broadcasts will 
begin on a 1630 to 2230 UT schedule. This reduction in service is being made as an 
economy measure in the face of limited operating funds. 

In addition to the reduced schedule, each station will be off the air alternate Tues- 
days as indicated below to provide time for routine maintenance. When standby 
facilities are complete this maintenance silent period will be eliminated. 


Present Schedule New Schedule 
WWVB continuous 1630 to 2230 UT daily, beginning January 1, 1964. Off the 


air every other Tuesday beginning January 14. 


WWVL continuous 1630 to 2230 UT daily beginning January 1, 1964. Off 
the air every other Tuesday beginning January 7. 
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Queueing Problem Simplified 


QUEUES form at supermarket check-out stations 
or at bank-teller. windows when the number of indi- 
viduals seeking service temporarily exceeds the number 
that can be served by the available facilities. The fa- 
cilities may be more than adequate for the average de- 
mand, but the uneven distribution of arrivals brings 
about temporary congestion. 

Queueing problems of increasing complexity pose 
problems of constructing appropriate mathematical 
models that simulate real situations. Activities such 
as takeoffs and landings at airports and the crossing 
of main highways by traffic arriving on crossroads 
present intricate problems in higher mathematics. In 
these cases there are two intersecting lines of traffic 
flow, each of which is subject to varying degrees of 
irregularity. 

Two measures of congestion caused by a stream of 
traffic are the delay to a pedestrian trying to cross the 
stream and the number of pedestrians waiting to cross. 
Several authors have considered the problem of calcu- 
lating pedestrian delay. Recently, G. H. Weiss of the 
statistical engineering laboratory analyzed the statisti- 
cal properties of the number of queueing pedestrians.’ 

Previous work on this type of problem included two 
assumptions: that the spacing between two cars in the 


Scientists discuss 


main stream had a negative exponential distribution, 
and that each pedestrian made a decision to cross on 
the basis of whether the gap exceeded a fixed distance. 
By using renewal theory, Dr. Weiss was able to con- 
sider more general situations in which any distribu- 
tion of spacings between cars can be used and in which 
the criterion for acting on a gap allows a pedestrian 
to once reject a gap of a given size, but to accept it at 
a later time. This type of situation is realistic and ac- 
cords with experimental evidence. 

The Bureau study has resulted in a characterization 
of the statistical properties of the pedestrian queue 
without the restrictions imposed by the earlier analyses. 
The calculations include such statistics as the average 
number of pedestrians waiting to cross, the average 
number crossing behind a given vehicle, and other 
moments of the distributions. 

Further experimental work would be required be- 
fore these theoretical results could be applied to actual 
traffic situations. Some of this work is presently being 
conducted by the automotive industry. 


‘For details, see An analysis of pedestrian queueing, 
by George H. Weiss, J. Research NBS 67B (Math. & 
Math. Phys.), No. 4, 229-243 (1963) . 


Topological Notation for Computer Use 


THIRTY-ONE scientists from a number of disci- 
plines met September 4-6 at Airlie House, Warrenton, 
Va., to discuss ways of expressing structural relation- 
ships precisely. This meeting, the Topological Struc- 
ture Notation Workshop, was sponsored by NBS and 
was organized by S. J. Tauber, a chemist in the Bureau’s 
data processing systems laboratories, who is studying 
the various ways of representing chemical compounds 
for computer processing. Expressing chemical formu- 
las in computer language is of particular interest to the 
Bureau because of its continuing program for the Patent 
Office to develop machine methods for processing the 
growing number of patent applications. 
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Describing a system whose essential characteristics 
include the particular way which the components are 
joined presents a problem if notation is restricted to 
nonpictorial methods. The structural formulas 
(stylized drawings and symbols) used by chemists, for 
example, are adequate even for differentiating isomers, 
can be easily used, and are universally understood by 
chemists. Graphic notation forms such as this, how- 
ever, cannot be readily translated into forms that can 
be stored, retrieved, compared, or selected by digital 
data-processing means. The computer could provide 
a parts list for an automobile, for example, but could 
not readily be programmed to describe how the parts 
are assembled to make the automobile. 
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A computer-oriented way of stating structural rela- 
tionships must use the techniques of the mathematician. 
An acceptable method will unequivocally discriminate 
between almost-but-not-quite identical structures, at the 
same time permitting related structures to be identi- 
fied. A mathematically based structural notation sys- 
tem should not only be precise, but should also be im- 
mediately usable by digital computer equipment, which 
is specialized for handling numbers. Such a system 
would be useful to express not only chemical structure 
(both organic and inorganic), but also chemical reac- 
tion equations, industrial flow charts, and electrical 
and electronic circuits. 

All the scientists invited to attend the Workshop have 
been working in fields where topological notation is 
required or desired. The disciplines represented in- 
cluded, in addition to chemistry, mathematics, because 
the notation must be founded in mathematics; data 
processing, because of the widened field of computer 
application made possible by such a notation system; 
linguistics, because the notation must have a “vocab- 
ulary” and a “grammar”; and medicine, because of 
the specificity of chemical structure required to obtain 
a desired physiologic effect. Those present had in 
common a need to express structural relationships pre- 
cisely in a form suitable for machine processing and 
a willingness to report freely on approaches investi- 


gated, problems encountered, solutions devised, and 
results obtained. 

The affiliations of the attendees also covered a broad 
spectrum; they included chemical and pharmaceutical 
manufacturers, a computer service organization, uni- 
versities, nonprofit “think” organizations, the Army, the 
Patent Office, and the National Bureau of Standards. 
Such a wide variety of employer interests contributed 
greatly to the broad base on which the Workshop was 
planned. 

Although the Workshop was divided into sessions 
and each of the attendees was scheduled to speak either 
singly or in a group with his project participants, the 
atmosphere was informal. The Workshop was planned 
to take full advantage of possibilities for give-and- 
take, suggestion, and refutation. Not only was discus- 
sion encouraged following each talk, but the final 
session was devoted to eliciting additional discussion 
of points that had not been completely clarified in the 
previous sessions. 

In keeping with the informal spirit of the Workshop, 
no publication of Proceedings was provided for nor 
specific subsequent activities planned. However, the 
relationships established among the scientists in at- 
tendance may be expected to continue for many years 
to come. 


Adjustment in Phase of Time Signals 


AN ADJUSTMENT in the transmission of time signals has been announced jointly 
by the U.S. Naval Observatory and the National Bureau of Standards, U.S. Depart- 


ment of Commerce. 


The transmitting clocks at the radio stations were retarded 100 


milliseconds 1 November 1963 at zero hours Universal Time (7 p.m., EST of 31 | 


October). 


The adjustment becomes necessary because of changes in speed of rotation of 


the earth, as determined by astronomical observation. 


Such adjustments are made 


by international agreement, according to a plan whereby the times of emission of time 
signals are synchronized to about 1 millisecond. The last previous adjustment in 
phase of time signal pulses was made 1 August 1961. 

The countries participating in the coordination of time signal transmissions are 
Argentina, Australia, Canada, Italy, Japan, South Africa, Switzerland, United King- 


dom, and the United States. 


The U.S. stations include the NBS stations WWV, Beltsville, Md.; WWVH, Maui, 
Hawaii, and WWVB, Fort Collins, Colo., and the U.S. Navy stations NBA, Canal 
Zone; NPG, San Francisco, Calif.; NPM, Lualualei, Hawaii; NPN, Guam; and NSS, 


Annapolis, Md. 
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Oxidation of Nickel Studie: 


AN ELECTRON field emission microscope has been 
applied to a qualitative study of oxygen adsorption on 
nickel. The study was made by W. J. Ambs’ of the 
metal reactions laboratory as part of a program of 
research into fundamental corrosion reactions at metal 
surfaces, and was sponsored in part by the Advanced 
Research Projects Agency. During oxygen adsorp- 
tion, the nickel emission patterns developed sharp bright 
rings around the (110) crystallographic planes, indi- 
cating that a rapid rearrangement of atoms was taking 
place in those areas. This observation was interpreted 
as a confirmation of similar results obtained elsewhere 
in low-energy electron diffraction experiments? with 
oxygen adsorption on nickel. Some preliminary field 
emission work with iron was also performed during 
the Bureau study. 

Studies of the growth of oxide films on metals show 
that details of the formation of the first few molecular 
layers are crucial in determining the subsequent course 
of the oxidation. These details are impossible to ob- 
serve unless the metallic surface is completely clean 
and its atomic geometry is reasonably well known. 
Using the electron field emission microscope, the ob- 
server can establish procedures to ensure cleanliness 
of the initial metallic surface, and can observe all 
facets of the crystal simultaneously at high magnifica- 
tion. 

Basically, a field emission microscope consists of a 
needle-shaped electrically conducting emitter, usually 
a metal, and a phosphor screen within an evacuated 
Pyrex tube. A difference in potential between the 
emitter and the screen is maintained at a value suf- 
ficiently large to cause electrons to leave the surface of 
the metal by quantum mechanical tunneling and then 
to accelerate them to the screen. The emitter tip is 
hemispherically shaped so that electrons are emitted 
radially to form a magnified image of the tip surface 


Top left: Emission pattern obtained from a nickel 
emitter heated to 900°C during final stage of clean- 
ing procedure. Top right: Emission pattern from a 
clean nickel emitter. Center: Emission pattern from 
a nickel emitter at room temperature and an oxygen 
pressure of 10“ torr. The small, sharply defined, 
bright rings are centered on the (110) ecrystallo- 
graphic planes. These rings represent a rapid rear- 
rangement of surface atoms during oxygen adsorp- 
tion. 

Bottom left: Emission pattern showing phase transi- 
tion in iron at 910 °C, the BCC phase. Bottom right: 
Emission pattern showing phase transition in iron at 


910 °C, the FCC phase. 
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by Electron Field Emission 


on the screen. Local variations of radius of curvature 
and of electron emission barrier (work function) at 
the metal surface produce the contrast necessary for 
identification of crystallographic planes. 

In principle, the field emission microscope presents 
a direct method of observing the events occurring on 
a metallic surface. Yet, although available for about 
25 years, it has seldom been applied to the study of 
metal oxidation; for in most oxidation work a measure 
of oxide film thickness as a function of time is desired, 
and this is the one thing the field emission microscope 
fails to provide. However, the instrument does give 
an approximation to a stereographic map of the work 
function distribution of a hemispherical crystal surface. 
Hence, it usually reveals the presence of epitaxial lay- 
ers, foreign particles, and, under certain conditions, 
perhaps even individual adsorbed molecules. All 
changes which involve local alteration of work func- 
tion or local change in tip radius of the emitter cause 
a change in the appearance of the pattern. Since the 
useful magnification of the instrument is comparable 
with that of the conventional electron microscope, the 
field emission microscope reveals events on an almost 
atomic scale, making it useful in the study of nucleation 
phenomena. In only a relatively small number of the 
investigations reported has advantage been taken of 
this high useful magnification. 

Most field emission studies of metal oxidation have 
been confined to such refractory metals as tungsten, 
molybdenum, and tantalum because their oxides can 
easily be removed by vaporization within an evacuated 
system. Of much greater interest chemically, however, 
are the transition metals, such as nickel, iron, and plati- 
num, which act as catalysts in many reactions. The 
oxides that normally form on these elements are difficult 
to remove. Vaporization cannot be used for some of 
these metals because the melting points of the metals 
are too close to the temperatures at which their oxides 
vaporize. Nickel, however, has a melting temperature 
of 1455 °C, while its oxide vaporizes at about 1040 °C. 
With great care, therefore, nickel can be studied with 
field emission. 

One objective of the Bureau study was to observe 
the nickel-oxygen reaction in greater detail than had 
previous investigators elsewhere. For this reason, the 
oxygen pressures used were lower than in the earlier 
studies. The oxygen was introduced through a silver 
diffusion-thimble that when heated to about 650 °C 
permits oxygen to diffuse into the system. 

At an oxygen pressure of 10°* torr and room tem- 
perature, the intensity of the emission pattern slowly 
decreased as oxygen was adsorbed on all planes. Si- 
multaneously, small, sharply defined, bright rings cen- 
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Application of the electron field emission microscope to 
the study of oxygen adsorption on clean nickel surfaces 
gave patterns such as this one on the tube face. Edward 
Ksealante adjusts the input voltage to the instrument. 


tered on the (110) planes developed. These rings 
differ considerably from those observed around the 
(110) and (100) planes at higher pressures,? and 
therefore represent strong support of findings by the 
electron-diffraction method.2 Related experiments 
undertaken at the Bureau to substantiate this confirma- 
tion showed that the rings are not due to carbon dioxide 
or other gases formed in the ion gage and that the 
adsorption process is distinct from the surface rear- 
rangement, which is thermally activated. This mani- 
festation of the adsorption process is easily missed if 
the surface is at all contaminated. 

Also of interest is the nucleation of crystallites on 
tne nickel surface during oxidation. When a clean 
nickel tip was heated to about 600 °C with oxygen 
pressure of 10-° torr, both bright and dark crystallites 
were observed. However, on a tip treated with oxygen 
at room temperature and 10-¢ torr and then heated to 
about 500 to 600 °C at 10~ torr, only bright crystallites 
were found. The crystallites are more prominent if the 
nickel contains dissolved nickel oxide. The differences 
in emission may be due to differences in stoichiometry 
of the crystals growing on different faces. Such vari- 
ations in stoichiometry could easily influence the 
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Diagram of an electron field emission tube used in a 
qualitative study of oxygen adsorption on nickel. A 
potential difference maintained between the metallic 
emitter and the screen causes electrons to leave the sur- 
face of the metal and to be accelerated to the screen 
whereon they form a magnified image of the emitter tip. 


electrical properties of the crystals. 

In the preliminary experiments on iron, the phase 
transition at 910 °C was observed. Performance of 
the experiment was difficult, and observation of this 
transition is considered remarkable because of the 
structural weakness of pure iron at this temperature 
and the extremely heavy stress placed on the emitter 
by the electric field. 

In preliminary oxidation experiments on iron whis- 
kers, a preferential darkening of the (111) planes was 
noted. It was also found that iron whiskers can be 
grown by heating iron field emitters to about 900 °C 
in the electric field. 


* For further details see, Field-emission studies of the 
oxidation of clean nickel surfaces, by William J. Ambs, 
Proc. 2d International Congress on Metallic Corrosion 
(March 1963), to be published. 

* L. H. Germer and A. U. MacRae, Welch Found. Res. 
Bull. 11 (1961). 

*R. Gomer, J. Chem. Phys. 21, 293 (1953). 
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Graphite Particles in Cast Iron 


Proposed Standards for Their Classification Evaluated 


PROPOSED international standards for evaluating 
graphite particles in cast iron are apparently inconsist- 
ent, according to recent NBS findings.1. The proposed 
standards consist of composite photomicrographs desig- 
nating various sizes of both graphite flakes and graphite 
nodules as they may occur in cast iron. Image-proc- 
essing of some of the photomicrographs by a computer 
technique? disclosed that the nominal sizes assigned 
to representative particles are usually different from the 
actual sizes of the particles, and in some cases excessive 
amounts of graphite are present. 

L. L. Wyman and G. A. Moore of the metallurgy lab- 
oratory conducted the study and also formulated recom- 
mendations for obtaining improved standards. As a 
result, ASTM ? Committee A-3 on Cast Iron has re- 
quested the Bureau to prepare such standards. 

For several years an ASTM standard chart of graphite 
flake photomicrographs * has been used in a number of 
countries for comparison purposes. This chart con- 
tains eight photomicrographs classifying the flakes 
according to their lengths, at 100 magnifications. 
The first photomicrograph (No. 1) on the chart pur- 
portedly shows a preponderant number of flakes that 
are more than 100 mm in length; photomicrographs 
No. 2 through No. 8 are for classifying progressively 
smaller flakes down to less than 1.5 mm in length. Simi- 
lar photomicrographs were contained in the chart pro- 
posed for international use. 

In the last few years, a ductile cast iron (more fre- 
quently known in Europe as spheroidal or nodular iron) 
containing nodules of graphite instead of flakes has 
been developed. Consequently, several methods for 
comparing the different sizes of these particles as they 
may occur in cast iron have evolved. In one method, 
photomicrographs of different sizes of nodules classi- 
fied according to diameter are used.> These photo- 
micrographs were also contained in the proposal for 
international use. 

Both of these “dimensional” series were published ° 
recently and comments and criticism were encouraged 
for consideration before the photomicrographs were 
formally adopted. for international use. The present 
NBS study was undertaken because of the availability 
of a rapid computer technique for quantitative metallo- 
graphic analyses. In this technique, pictorial informa- 
tion is processed up to a thousand times more quickly 
than is possible with conventional manual methods. 

In the study, data were obtained by means of a 
scanning device which observes a square area 0.25 mm 
on a side in a particular photomicrograph and tells the 
computer whether the average grayness of the area is 
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above or below a predetermined level. The scanning 
head is moved in 0.25-mm steps across successive paths 
spaced 0.25 mm apart, until a square 42 mm on a side in 
the photomicrograph is covered. The computer not only 
reported values of the principal parameter desired, 
such as the length of flakes or the diameter of nodules, 
but also the number of particles present together with 
the distances between particles and the percentages of 
graphite found in the various photomicrographs. 

Histograms made from the data thus obtained for the 
No. 4 through No. 8 graphite flake sizes depicted the 
frequency of occurrence of all of the different sizes of 
particles present in each photomicrograph. The histo- 
grams showed that, in all but one instance, the actual 
lengths of most of the particles present in a particular 
photomicrograph were smaller than their designated 
lengths. In other words, the size represented in photo- 
micrograph No. 4 was actually No. 5 size; No. 5 was 
No. 6, and so on. 

Similarly, histograms compiled from data obtained 
on the nodular series showed that the photomicrographs 
generally contained an excess of small particles, and 
that particle diameter size was not always consistent 
with its designated size. The evaluation also disclosed 
that the quantity of graphite present in both series 
of photomicrographs varied from about 314 percent 
to over 14 percent, with three of the values exceeding 
the normally accepted upper limit of about 10 percent. 

As a result of the evaluation, the investigators made 
several proposals for deriving comparison standards 
consistent with their use. On the basis of these pro- 
posals, work is now underway at the Bureau to apply 
corrections to the flake photomicrographs so that they 
comply with their size designations, and to develop 
a new nodular series of photomicrographs that are 
accurate in size and distribution and realistic in 
appearance. 


1 Quantitative metallographic evaluations of graphitic 
microstructures, by L. L. Wyman and G. A. Moore, Mod- 
ern Castings 43, 7 (1963). 

? Quantitative metallography with a digital computer: 
Application to an Nb-Sn superconducting wire, by G. A. 
Moore and L. L. Wyman, J. Res. NBS 67A (Phys. and 
Chem.), 127, No. 2 (Mar.—Apr. 1963); also, Digital 
computer used for quantitative metallographic analyses, 
NBS Tech. News Bull. 47, 26 (Feb. 1963). 

° American Society for Testing and Materials. 

* ASTM Designation A247-47. 

° Ductile iron graphite form classification, by C. K. 
Donoho, AFS Transactions 69, 297 (1961). 

* International proposals for cast iron graphite classi- 
fication, by A. B. Everest, Modern Castings 41, 86 (1962). 
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1963 Summer Student Program ; 


Dr. Allen V. Astin, NBS Director, greets the new summer 
students in the 1963 group. 


THERE WERE 177 student trainees and junior pro- 
fessionals on the NBS staffs in Washington, D.C., and 
Boulder, Colo., this past summer, representing 74 col- 
leges throughout the country. 

The Bureau summer student program, which has ex- 
isted since 1948, gives science students an opportunity 
to apply their education to a challenging summer job 
and to discover the rewarding experience of a scientific 
career. Many of the students who have contributed to 
Bureau research during the summer months have be- 
come permanent NBS staff members after graduation. 

Student trainees are selected and assigned to NBS 
summer jobs on the basis of their interests, academic 
background, and experience. Each of the technical 
divisions of the Washington and Boulder laboratories 
maintains appropriate project assignments. Summer 
returnees often are permitted to select specific prob- 
lems, the solution to which may, and often do, lead to 
formal publication. During the summer of 1963, stu- 
dent scientists worked in fields ranging from atomic 
physics to building technology, using the latest scien- 
tific equipment and materials. The diversity of projects 
included in the Bureau’s process program allowed each 
student to gain applicable experience in his particular 
field. 

One veteran of the summer student employment pro- 
gram was Mrs. Jane G. Reed, who returned in 1963 
to the Numerical Analysis Section of the Applied 
Mathematics Division for her ninth summer at NBS. 
She first came to the Bureau in 1955 following partici- 
pation in the Westinghouse National Science Talent 
Search. Mrs. Reed has continued her education (B.S. 
in mathematics from Goucher College in 1959; M.A. 
in mathematics from the University of Maryland in 
1962) and is currently studying for her doctorate. 
Most of her time at NBS during this and previous sum- 
mers was devoted to a subject of widespread interest— 
the mathematical modeling of various activities, in- 
cluding human competitive behavior. For the mathe- 
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matical simulation of a particular type of human 
competitive activity, Mrs. Reed selected baseball be- 
cause of the game’s uncomplicated structure and the 
availability of accurate records for the 1959 season. 
She has programmed the IBM 7090 computer to play 
baseball, and play it does—616 games in one-half 
minute. An attempt is being made to randomize the 
input data sufficiently to achieve a random output 
consistent with known results. 

Rex Adelberger, 23, of Arlington, Va., worked in 
the Absolute Electrical Measurements Section of the 
Electricity Division. This was his fourth summer with 
the Bureau and with the same division. In 1963 he 
assisted in the assembly of a proposed National Stand- 
ard of Capacitance whose value can be assigned from 
dimensional measurements. In this connection, he in- 
vestigated the techniques of precise capacitance and 
inductance metrology—the theory and construction of 
bridges and detection systems needed in establishing 
the unit of resistance from the calculable capacitor. 
Mr. Adelberger received his B.S. from the College of 
William and Mary in 1961. This winter will find him 
continuing his work for a Ph.D. at the University of 
Rochester in the general field of medium-energy nuclear 
physics. 

Richard A. Berger of Bronx, N.Y., returning for 
his second summer at NBS, was employed in the High 
Energy Radiation Section of the Radiation Physics 
Division. In addition to other duties, he designed a 
blockhouse for use with Linac, the linear accelerator 
being built 40 feet underground at the Bureau’s reloca- 
tion site near Gaithersburg, Md. Mr. Berger graduated 
last spring from Rensselaer Polytechnic Institute and 
is now doing postgraduate work in the Department of 
Astronomy of the University of Michigan at Ann Arbor. 

The President’s program for summer students, the 
White House Seminar, was held again this year, and 
many students at NBS participated. Speakers included 
President Kennedy, Vice President Johnson, Senator 
Hubert Humphrey, Senator Thomas Kuchel, Astro- 
naut John Glenn, Under Secretary of State Averell 
Harriman, and USIA Director Edward R. Murrow. 

The students also became familiar with the entire re- 
search activities of the Bureau through a meeting with 
NBS Director A. V. Astin, small-group informal dis- 
cussions with top-level scientists, visits to other NBS 
laboratories, and tours of their respective divisions. 
Advisors were available in each division to orient 
the students, guide their progress, and evaluate their 
reactions to the program. 

NBS pioneered in developing a program to interest 


high-caliber young people, still in college, in orienting 


their professional aims toward government service. 
Opinions from students and supervisors have indicated 
a high degree of satisfaction with the Bureau’s pro- 
gram. Last year over 69 percent of the students rated 
job interest as high, and 115 out of 125 students filed 
reemployment requests. Supervisors rated 72 percent 
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of the students employed in 1962 as turning out work 


of very good quality. 


A list of the students employed at NBS during the 


summer of 1963: 


Name 


Druger, Stephen Rea 
Grafstein, Peter E__- 


Andrews, Thomas 
Labovitz, David E_- 
Lynch, Lucy A--..-- 
Hoadley, Arthur B_. 
Hsu, Robert W-...-- 
Gordy, Leonard H-_- 
Kloss, Kenneth E.-- 
Pyke, Thomas N.--- 
Corwin, William C__ 
Ebrstein, James P.-. 
Hatch, Everard E__- 
Kupiec, Chester_-__.. 
Lester, William A-___ 
Marlowe, Donald E. 
Puzzini, Kathaleen_- 
Smith, Carol A-___-- 
Swartz, Joanne M-_-- 
Elman, Gerry J__--- 
Jones, Edward C___- 
Brownstein, Mi- 
chael. 

Cappell, Sylvain---- 
Goldstein, Byron B- 


Moses, Edward J___- 
Munley, Francis E__ 
Rasberry, Stanley D- 
Souders, Thomas M- 


Kirschenbaum, 
Louis J. 

Bond, Howard E-_-- 

Morris, Edgar E____. 

Pasternack, 


Luther, Holger M-_-- 
Anderson, Richard __ 
Barron, Eugene R-__- 
Corley, Daniel M_-_. 
Fradkin, David B___ 
Kocher, David C___- 
Leyendecker, Albert. 
Lightbody, John-_-_-- 
McCleary, Linda__-- 
Moloney, Michael J. 
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NBS WASHINGTON 


School 


Augustana College-_-_-_ 
Boston College------- 
Brooklyn College---_- 
elo ie Polytechnic 


Brown Univ_.----- S 


Bryn Mawr College-- 
University of Calif. _- 
University of Calif._. 
Calif. Inst. of Tech-_- 
Carnegie Inst. of Tech. 


Carnegie Inst. of Tech- 


Case Inst. of Tech__-- 
Catholic Univ.-_._.-- 
Catholic Univ---..--- 
Catholic Univ____.._- 
Catholic Univ-_--.-_--- 
Catholic Univ-------- 
Catholic Univ-_---..-- 
Catholic Univ.--_.__- 
Catholic Univ--..__-- 
Univ. of Chicago_--_-- 
Univ. of Chicago__--- 
Columbia Univ------ 


Columbia Univ--_-_--- 
Cornell Univ-__-_-_---- 
Cornell Univ-.-_.---- 
Cornell Univ--_-__---- 
Cornell Univ-_-.___---- 
Cornell Univ--_-._---- 
Cornell Univ_.__----- 
Dartmouth College_-_ 
Dartmouth College_-_ 
Univ. of Delaware__-- 
Earlham College_-__-_. 


- University of Florida_ 


Fordham Univ-__-.-_- 
Geo. Wash. Univ- --- 
UNV san 
2 OUnty22— 
~Univens- 
. Univ_--- 
. Univ.-_-- 
- Univic-= 
Univense 
MUMVer es 
Georgetown Univ---- 
Georgia Inst. of Tech-_ 


Haverford College____ 
Haverford College_-__- 
Johns Hopkins Univ_ 
Johns Hopkins Univ. 
Johns Hopkins Univ_ 
Johns Hopkins Univ_ 
Johns Hopkins Univ. 
Johns Hopkins Univ_ 
Howard Univ-___-_---- 
Howard Univ-..--_--- 


University of Ilinois_ 
University of Ilinois_ 
University of Dlinois_ 


University of Kansas_ 
University of Kansas_ 
Universityof Kansas_ 
Lebanon Valley Coll_ 
Marietta College_____ 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 


Discipline 


Chem. 
Phys 
Phys. 
Chem. 


Chem. 
Math. 
Math. 
Statistics 
Linguistics 


level 


turnee 
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Rex Adelberger, in his fourth summer at NBS, worked 
this year on the absolute measurement of electrical 
resistance. 


Name 
Mulroy, William J_. 
Murphy, Peter W--. 
Phillips, Gary W-__-- 
Reed, Jane G_____-_- 
Smith, John M-_____. 
Thurber, Willis R__- 
Tiernan, Robert J__- 
Wagner, Timothy K_ 
Widmayer, Ray- 

mond 8. 
Williams, Robert S__ 
Ugiansky, Gilbert_-_- 
Andersen, Hans C.__ 
Fell, Harriet J_____-- 
Fetrow, Clare M-___- 
Hayes, Donna G___- 
Herrin, Dennis W-__- 
Mather, John N-__--- 
Miller, Karl H__-___- 
Murray, William E__ 


Sawchuk, Alexan- 
der A. 
Tomljanovich, 
Nicholas M. 
Utech, Harvey P_-__- 
Wasserman, Gordon_ 
Hurlburt, Douglas___ 
Hedetniemi, Sterhen. 
Muchnick, Steven S_ 
Stephens, Robert B_-. 


Christensen, Richard_ 
Helwig, Russell D_-_- 
Meyer, Richard M_- 
Cummins, Barbara_- 


Univ. of Michigan___- 
Univ. of Michigan___- 
Western Michigan 
Univ. 

Univ. of Nebraska__-- 
Univ. of Nebraska-___- 
State Univ. of N.Y.-- 
Pembroke College... 


Discipline 


Aca- 
demic 
level 


Grad. 
Grad. 
Grad. 
Grad. 
Grad. 
Grad. 
Grad. 
Grad. 
Soph. 


New 
or 
re- 

turnee 
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New 


Aca- oF 
demic _re-. 
Name School , Discipline level turnee 

Boyer, M Cees University of Penn... Math. Grad N 
Gostalio’ yoscon P__. Pennsylvania State. Elec. E. Sr. R 
Craft, Elizabeth C_.. Pennsylvania State._. Chem Soph. N 
Foley, Carol L_...-. Pefinsylvania State... Phys Fr. R 
Free, Nancy A--- Pennsylvania State... Math Soph. N 
Smith, Leslie E___--- Pennsylvania State... Chem Grad R 
Tressler, Richard E.. Pennsylvania State... Cer. E Sr. N 
Weiner, John-__------ Pennsylvania State... Chem Jr. N 
Morrison, Ralph M_ Univ. of Pittsburgh... Chem Jr. R 
Kleinman, Daniel E. Princeton Univ-.---- Math Soph. R 
Berger, Richard A--. Rensselaer Polytech- Phys Sr. R 

nic Inst. 
Sachs, Harvey M---. Rice Univ------------ Phys Fr. R 
Adelberger, Rexford. Univ. of Rochester... Phys. Grad R 
Lehmbeck, Donald-. RochesterInst.ofTech. Photo. Sci. Sr. N 
Seymour, Peter L_.. St. Anselm’s College. Math Soph. N 
Keffer, Charles J__.. Univ. of Scranton-... Phys. Sr. R 
Kugelmass, Joel N.-. Stanford Univ------- Math H.S. N 
Royce, Ronald R.... Stanford Univ------- Chem HS. N 
Winiecki, Kenneth.__ Syracuse Univ------- Phys Grad N 
Brundage, Robert S. University of Toledo. Phys JF: R 
Gordon, Marcia E_.. Vassar College---_---- Chem Jr. N 
Mudd, Courtney P-- Univ. of Virginia_-_-- Mech. E. Soph. R 
Pipers Elmovesesese- ie Polytechnic Elec. E. Jr. N 
Fiedler, Adam J__--- Washington and Lee Chem. Soph. N 
Singal, Mitchell. ___- Wayne State Univ... Chem. Soph. N 
Sussman, Rosalina__ Wellesley College.... Chem. Sr. R 
Shepard, Paul F__-_- College of William Phys. Sr. R 

and Mary. 
Shumate, Paul W_.. College of William Phys. Sr R 

and Mary. 
Clark, Alton H-___-- Univ. of Wisconsin--. Phys. Grad N 
Goldberg, Peter E_.. Univ. of Wisconsin... Chem. r. N 
Zabn, Charles T_.... Univ. of Wisconsin... Math. Grad R 
Weaver, Robert F___ College of Wooster... Chem. Ape R 
Clardy, Jon M-_-_--_-- Yale Univ. 2222 2--=-- Chem. Jr. N 
Fenoglio, Richard A. Yale Univ___..------ Chem. Grad. N 
Guertin, Ralph_-___- ‘Viale Universsscecs-e Phys Grad. N 


NBS to Publish 


NBS Boulder 
New 
Aca- or 
demic re- 
Name School Discipline level turnee 
Agy; David}. University of Colo... E. E. Soph. N 
Burch, Lloyd-_--_____ University of Colo... E. E. Soph. R 
Dobel (0a Johnaeese: University of Colo... Phys. Fr. N 
Fogg, Douglas eee te University of Colo... E. E. Jr. R 
Huggins, Robert_____ University of Colo... E. E. Soph. N 
Hurst, William._____ University of Colo... Phys. Jr. R 
J ellison, JeIrryos-eses University of Colo... E. ¥. Soph. R 
Littman, Irving_____ University of Colo... Phys. Soph. R 
Lorimor, Joseph, Jr-. University of Colo... Phys. H.S. N 
sigue a Ste- University of Colo... Math. Fr. R 
sate’ Victor_...-..- University of Colo... Phys. Jr R 
champ selon Ed- University of Colo... Phys. Sr R 
ward. 
Smith, Collier__..___ University of Colo... Phys. UE: N 
Vorndam, Mary-.__- University of Colo... Phys. H.S. N 
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NATIONAL RADIO SCIENCE JOURNAL 


THE BUREAU has announced important changes 
soon to be made in Section D of its Journal of Research, 
now published under the title, Radio Propagation. 

Beginning in January 1964, Section D will become 
a national journal of radio science published by NBS 
in cooperation with the U.S. National Committee of the 
International Scientific Radio Union (URSI). In 
keeping with the broadened scope of the new publica- 
tion, its title will be changed to Radio Science and it will 
be published monthly rather thar six times a year as 
before. The new subscription price will be $9.00 a year 
($11.50 foreign). 

C. Gordon Little, Chief of the NBS Central Radio 
Propagation Laboratory at Boulder, Colo., has been 
appointed Editor of Radio Science. In addition, L. A. 
Manning of Stanford University, Stanford, Calif., will 
serve as Editor for URSI. 

Plans for publication of Radio Science were made as 
a result of a recent recommendation of the National 
Academy of Sciences—National Research Council. 
The Academy has become increasingly aware of a need 
for a scientific journal that would serve as an outlet 
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for reporting research in modern radio science. It is 
felt that the cooperative publication that is planned 
will do much to strengthen American radio science. 

Radio Science will present research papers, as well 
as occasional survey articles, in radio propagation, 
communications, and radio science generally. It will 
serve as the principal publication outlet for the re- 
search of the NBS Central Radio Propagation Labora- 
tory and the scientific activities of the U.S. National 
Committee of URSI. It will also carry selected papers 
from the NBS Radio Standards Laboratory and in- 
vited papers from recognized authorities in the field of 
radio science. 

The NBS Central Radio Propagation Laboratory at 
Boulder, Colo., is the central agency of the Federal 
Government for the collection, analysis, and dissem- 
ination of information on radio-wave propagation at 
all frequencies along the surface of the earth, in the 
atmosphere, and in outer space. An important part of 
the CRPL technical program consists of research look- 
ing toward new techniques for the efficient use and 
conservation of the radio spectrum. 
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The purpose of the NBS Radio Standards Laboratory, 
also at Boulder, is to provide the central national basis 
for uniform, accurate measurement of physical quan- 
tities relating to radio science, and to assist in 
international coordination of standards for radio 
measurements. The laboratory conducts research and 
development in the field of electromagnetic standards 
and provides calibration services to government and 
industry. 

The International Scientific Radio Union (Union 
Radio Scientifique Internationale), commonly desig- 
nated URSI, was founded in 1919 as a medium for 


worldwide cooperation in radio research. The aims 
of the Union are to promote the scientific study of radio 
communications; to aid and organize radio research 
on an international scale; and to facilitate agreement 
upon common methods of measurement and the stand- 
ardization of measuring instruments. The U.S. Na- 
tional Committee of URSI, a committee of the National 
Academy of Sviences—National Research Council, co- 
ordinates the activities of American scientists and engi- 
neers in furtherance of these objectives and organizes 
United States participation in URSI. 
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Current Issues of the Journal of Research 


pace A. Physics and Chemistry, Vol. 67A, No. 6, Nov.—Dec. 
63. 

Analysis of the spectrum of neutral atomic bromine (Br 1). 
J. L. Tech. 

Matrices of spin-orbit interaction in the electron configurations 
np? n’ pandnp‘n’ p. J.L. Tech. 

A study of the gas-stabilized arc as an emission source for 
the measurement of oscillator strengths. Determination of 
some relative gf-values for Fe 1. M. Margoshes and B. F. 
Scribner. 

Tritium-labeled compounds. IX. Determination of isotope 
effects in reactions yielding water-t from nonvolatile react- 
ants. Oxidation of aldoses-l-t with iodine. H. S. Isbell 
and L. T. Sniegoski. 

Buffer solutions of potassium dihydrogen phosphate and 
sodium succinate at 25 °C. M. Paabo, R. G. Bates, and 
R. A. Robinson. 

Recalibration of the NBS glass standards of spectral trans- 
mittance. H. J. Keegan, J. C. Schleter, and M. A. Belknap. 

Thermal behavior of muscovite sheet mica. S. Ruthberg. 

Absolute configuration and chemical topology. S. J. Tauber. 

Reversibility of polyester adsorption on glass. R. R. Strom- 
berg and W. H. Grant. 

chenieal purity by dielectric cryometry. G. S. Ross and L. J. 

rolen. 

Adsorption, desorption, resorption. W. V. Loebenstein. 


Color phenomena in polymer fracture. S. B. Newman and 
I. Wolock. 
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Section B. Mathematics and Mathematical Physics, Vol. 67B, 
No. 4, Oct.—Dec. 1963. 
Zonal harmonic perturbations of an accurate reference orbit 
of an artificial satellite. J. P. Vinti. 
Optimal periodic inspection programs for randomly failing 
equipment. G. H. Weiss. 
An analysis of pedestrian queueing. G. H. Weiss. 


Solutions of the equation Vz, +iv, +K,".*=0, EA. 


Kearsley. 

On the graphs of finite idempotent Boolean relation matrices. 
D. Rosenblatt. 

Section C. Engineering and Instrumentation, Vol. 67C, No. 4, 
Oct.—Dec. 1963. 

Limitations on electron beam density of unipotential electron 
guns at low voltages. J. A. Simpson and C. E. Kuyatt. 

New radiofrequency mass spectrometer having high duty 
cycle. R. E. Mills. 

A power-series buildup factor formulation. Application to 
rectangular and off-axis disk source problems. J. 
Hubbell. 

An alinement interferometer. J. B. Saunders. 

Determination of optical path difference for a photographic 
objective. F. E. Washer and W. R. Darling. 

Development of filters for a thermoelectric colorimeter. S. H. 
Emara and R. P. Teele. 

Application of air bearings to an electrodynamic vibration 
standard. T. Dimoff and B. F. Payne. 

Leak-resistant rotation seal for vacuum applications. F. L. 
Howard. 

Studies on the tungsten-rhenium thermocouple to 2000 °C. 
D. B. Thomas. 

Section D. Radio Propagation, Vol. 67D, No. 6, Nov.—Dec. 
1963. 

A radiometeorological study, part I. Existing radiometeor- 
ological parameters. J. A. Lane and B. R. Bean. 

A radiometeorological study, part II. An analysis of VHF 
field strength variations and refractive index profiles. B. R. 
Bean, V. R. Frank, and J. A. Lane. 

A radiometeorological study, part III. A new turbulence 
parameter. B. R. Bean, E. J. Dutton, J. A. Lane, and W. B. 
Sweezy. 

Reflection of radio waves from undulating tropospheric layers. 
A. T. Watermann, Jr., and J. W. Strohbehn. 

Oblique propagation of groundwaves across a coastline— 
PartI. J.R. Wait. 

Oblique propagation of groundwaves across a coastline— 


Part II. J. R. Wait and C. M. Jackson. 
NBS Technical News Bulletin 


On the index of refraction of air, the absorption and disper- 
sion of centimeter waves by gases. G. Boudouris. Trans- 
lated from French by G. Wm. Curtis. 

A numerical approach to the solution of radio diffraction 
problems. J. K. Hargreaves and S. Hargreaves. 

Inversion of radio wave absorption data to establish iono- 
spheric properties. I. Nondeviative absorption. A. D. 
Wheelon. 

Radiation in a lossless magneto-ionic medium at frequencies 
high relative to the electron gyrofrequency. J. W. Marini. 

Radiation through cylindrical plasma sheaths. J. H. Harris. 

Chart for determining the effects of ionospheric tilts using 
an idealized model. T. A. Croft and R. B. Fenwick. 

Reflection of VLF radio waves from an inhomogeneous iono- 
sphere. Part III. Exponential model with hyperbolic 
transition. J. R. Wait and L. C. Walters. 

Families of distributions for hourly median power and in- 
stantaneous power of received radio signals. M. M. Sid- 
diqui and G. H. Weiss. 

Statistical methods in radar astronomy. Determination of sur- 
face roughness. H. S. Hayre. 

Electrical conductivity of the Great Lakes. L. H. Doherty. 


Nonperiodicals 


Compilation of the melting points of the metal oxides, S. J. 
Schneider, NBS Mono. 68 (Oct. 10, 1963), 25 cents. 

Recommended unit prefixes; defined values and conversion 
factors; general physical constants, NBS Misc. Publ. 253 (Oct. 
1963), 5 cents (wallet-size plastic card). 

A comparison of two melting-pressure equations constrained to 
the triple point using data for eleven gases and three metals, 
R. D. Goodwin and L. A. Weber, NBS Tech. Note 183 (Oct. 
6, 1963), 25 cents. 

Lunar occultations of two discrete radio sources in 1963-1964, 
J. A. Eddy, NBS Tech. Note 184 (Oct. 11, 1963), 20 cents. 

Carbon resistors for cryogenic liquid level measurement, R. C. 
Muhlenhaupt and P. Smelser, NBS Tech. Note 200 (Oct. 9, 
1963) , 25 cents. 

Expanded vinyl fabrics for apparel use, CS 258-63 (Sept. 19, 
1963), 10 cents. 

Steel spirals for reinforced concrete columns, SPR 53-63 (Oct. 
1, 1963, 10 cents. 


Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier references 
not previously reported may be included from time to time. 


Research in the American Society for Testing and Materials, 
B. H. Wilson, Mater. Res. Std. 2, No. 8, 694-695 (Aug. 1962). 

Heat capacities, G. T. Furukawa and T. B. Douglas, Am. Inst. 
Phys. Handb. 2d ed., Sec. 4e, pp. 47-63 (1963). 

High resolution spectra in the region from 2 to 6y, E. K. 
Plyler and E. D. Tidwell (Proc. Intern. Molecular Conf.), 
Book, Advances in Molecular Spectroscopy, pp. 1336-1342 
(Pergamon Press, Inc., New York, N.Y., 1962). 

Impressions of Japan, R. S. Marvin, Japanese J. Kobunshi 
(High Polymers), Soc. High Polymers 12, No. 130, 53 
(1963). 

Theory of the electronic polarizabilities of ions in crystals: 
Application to the alkali halide crystals, A. R. Ruffa, Phys. 
Rey. 130, No. 4, 1412-1423 (May 15, 1963). 

Annual report for IAU commission 14, C. E. Moore, Trans. 
Astronomical Union XIA97—XIB, 208 (1962). 

Atomic flame reactions involving N-atoms, H-atoms and ozone, 
D. Garvin and H. P. Broida, 9th Intern. Combustion Symp., 
pp. 678-688 (1963) . 

The effect of moisture on heat transfer through insulated flat- 
roof constructions, F. J. Powell, Suppl. Bull. Intern. Inst. 
Refrigeration, Annexe 1962-1, 61-70 (Aug. 1962). 

Infrared spectrum of acetylene-d:i, W. J. Lafferty, E. K. Plyler, 
and E. D. Tidwell, J. Chem. Phys. 37, No. 9, 1981-1988 (Nov. 
1962). 

Nickel and alloys, M. R. Meyerson, Encyclopedia of Engineer- 
ing Materials and Processes, pp. 439-442 (Reinhold Publ. 
Corp., New York, N.Y., 1963). 


December 1963 


Audiofrequency dispersion effects in lanthanide salts at low 
temperatures, R. P. Hudson and B. W. Mangum, Book, Mag- 
*netic and Electric Resonance and Relaxation, ed. J. Smidt, 
pp. 135-146 (Nozth-Hollarfd Publ. Co., Amsterdam, The 
Netherlands, 1963). 

Some problems in temperature measurement from line spectra, 
J. T. Jefferies, Book, Temperature, Its Measurement and Con- 
trol in Science and Industry 3, No. 1, 703-711 (1962). 

The invariance of symmetric functions of singular values, M. 
eee and H. Minc, Pacific J. Math. 12, No. 1, 327-332 

1962). 

Bounds for cofactors and arithmetic minima of quadratic forms, 

ye Rape J. London Math. Soc. 38, pp. 215-217 (Apr. 
3). 

Non-linear effects in spectra of the iron group, R. E. Trees, 
Phys. Rev. 129, No. 3, 1220-1224 (Feb. 1, 1963). 

Nonreciprocity of propagation of VLF radio waves along the 
magnetic equator, D. D. Crombie, Proc. IEEE 51, No. 4, 
617-618 (Apr. 1963). 

Infrared spectrum of carbon tetrafluoride, A. Maki, E. K. Plyler, 
and R. Thibault, J. Chem. Phys. 37, No. 8, 1899-1900 (Aug. 
1962). 

Convergence to normality of powers of a normal random varia- 
ble, N. Severo and L. J. Montzingo, Jr., Bull. Intern. Stat. 
Inst. XX XIX, Pt. 2, 491-500 (1962). 

Matrix effects in the gaseous H atom-condensed olefin system; 
surface reaction—olefin diffusion model, R. Klein and M. D. 
Scheer, J. Phys. Chem. 66, No. 12, 2677-2681 (Dec. 1962). 

Normal functions, the Montel property, and interpolation in 
H~, G. T. Cargo, Michigan Math. J. 10, 141-146 (1963). 

A note on domain conversions of BaTiOs, P. H. Fang and 
W. S. Brower, J. Appl. Phys. 34, No. 5, 1516 (May 1963). 

Stability relations of dravite, a tourmaline, C. R. Robbins and 
H. S. Yoder, Jr., Geophysical Laboratory Yearbook 1961-62 

(Note) (Carnegie Institute of Washington, Feb. 1963). 

An alignment interferometer, J. B. Saunders, Appl. Opt. 2, 
No. 5, 541 (May 1963). 

An application of the peek-a-boo principle to information re- 
trieval, J. Stern, Proc. Symp. Materials Information Retrieval, 
pp. 93-115 (Nov. 28-29, 1962). 

Critical review of sugar color and turbidity measurements, 
F. G. Carpenter and V. R. Deitz, Sugar Ind. Tech. 21, Paper 
65, 32-52 (1962). 

Molecular vib-rotors. The theory and interpretation of high 
resolution infrared spectra, H. C. Allen, Jr., and P. C. Cross, 
Book, John Wiley & Sons, Inc., New York, N.Y., 1963. 

Copositive and completely positive quadratic forms, M. Hall, 
‘ a a M. Newman, Proc. Cambridge Phil. Soc. 59, 329-339 

963 ). 

On the vacuum ultraviolet reflectance of evaporated aluminum 
before and during oxidation, R. P. Madden, L. R. Canfield, 
and G. Haas, J. Opt. Soc. Am. 53, No. 5, 620-625 (May 1963). 

Covers and packings in a family of sets, J. Edmonds, Bull. Am. 
Math. Soc. LXVIII, No. 5, 494-499 (Sept. 1962). 

An LCAO-MO-SCF study of the structure of HO., M. E. Boyd, 
Program Comm. Intern. Symp. on Molecular Structure and 
Spectroscopy, pp. B404-1—B4044 (Science Council of 
Japan, Tokyo, 1962) . 

On the pedestrian queueing problem, G. Weiss, Bull. Intern. 
Stat. Inst. XX XIX, No. 4, 163-168 (1962). 

Burning behavior of building finish materials: Two-test methods, 
A. R. Robertson, Spec. Publ. Fed. Fire Council, pp. 21-35 
(Apr. 1962). 

The kinetics of description IJ: Ca* and Ba* from rhenium, 
M. D. Scheer and J. Fine, J. Chem. Phys. 38, No. 2, 307 
(Jan. 1963). 

A computer for the Abel inversion, C. R. Yokley and J. B. 
Shumaker, Rev. Sci. Instr. 34, No. 5 551-557 (May 1963). 

Rotation-vibration constants of acetylene, E. K. Plyler, E. D. 
Tidwell, and T. A. Wiggins, J. Opt. Soc. Am. 53, No. 5, 
589-593 (May 1963). 

Calculation of crystallite size distributions from X-ray line 
broadening, A. Bienenstock, J. Appl. Phys. 34, No. 5, 1391 
(May 1963). 

Osmotic and activity coefficients of tetraethylammonium iodide 
in aqueous solution at 25°, V. E. Bower and R. A. Robinson, 
Trans. Faraday Soc. 59, No. 488, 1717-1719 (Aug. 1963). 
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Publications (Continued) . 
A connection between Tauberian theorems and normal func- 
tions, G. T. Cargo, Bull. Am. Math. Soc. 68, No. 4, 400-401 
(July 1962). ue ; 

Dependence of the electrical conductivity and thermoelectric 
power of pure and aluminum-doped rutile on equilibrium 
oxygen pressure and temperature, J. Yahia, Phys. Rev. 130, 
No. 5, 1711-1719 eee Paes rg Poort cel 

Note on a subgroup of the modular group, M. Ne 
J. R. Smart, eae Am. Math. Soc. 14, No. 1, 102-104 (Feb. 
1963). ; 

A portable impedance tube, R. D. Berendt and H. A. Schmidt, 
Jr., J. Acoust. Soc. Am. 35, No. 7, 1049-1052 ahtese 

Inertial seismograph design—limitations in principle and prac- 
tice, B. S. vee and D. P. Johnson, Proc. IRE 50, No. 11, 
2328-2339 (Nov. 1962). er 

Nuclear moment of Ni*™ from nuclear resonance studies in 
steady external magnetic fields, R. L. Streever, Phys. Rev. 
128, No. 4, 1632-1633 (Nov. 15, 1962). 

Electromagnetic waves in stratified media, J. R. Wait, Book, 
(Pergamon Press, Inc., New York, N.Y., 1962). Aes hee 

Linear velocity-gradient term in time-dependent pair distribu- 
tion function, R. E. Nettleton, J. Chem. Phys. 38, No. 8, 
1791-1802 (Apr. 1963). 

Absolute magnetic susceptibilities by the Gouy and the Thorpe- 
Senftle methods, G. A. Candela and R. E. Mundy, IRE 
Trans. Instr. I-11, No. 3-4, 106-109 (Dec. 1962). 

Standards for dental radiographic film, G. C. Paffenbarger, 
Mag. Std. 34, 148 (May 1963). 

The variable-frequency method, J. R. Wait, Book, Overvoltage 
Research and Geophysical Applications, ed. J. R. Wait, Ch. 
4, p. 29 (Pergamon Press Inc., New York, N.Y., 1959). 

Heat transfer between a cryo-surface and a controlled atmos- 
phere, Suppl. Bull. Intern. Inst. Refrigeration Annexe 1962-1, 
p. 89 (Aug. 1962). 

Mechanical and electrical relaxation in theorium oxide contain- 
ing calcium oxide, J. B. Wachtman, Jr., Phys. Rev. 131, 517 
(July-Sept. 1963). 

Polymers and telomers of 4-chloroperfluoroheptadiene-1,6, J. E. 
Fearn and L. A. Wall, SPE Trans. 3, No. 3, 231-234 (July 
1963). 

A study of embrittlement of high strength steels by hydrogen 
isotopes. I. Testing of steel rings as specimens, a compari- 
son of hydrogen and deuterium embrittlement, and permea- 
tion studies. II. A comparison of gas contents and hydrogen 
or deuterium embrittlement resulting from electroplating 
processes, G. B. Wood, J. Electrochem. Soc. 110, No. 8, 
867-885 (Aug. 1963). 

Status of sugar color and turbidity measurements, F. G. Car- 
penter and V. R. Deitz, Am. Soc. Sugar Beet Technologists, 
12, No. 4, 326-347 (Jan. 1963). 

Portable 2 flow counter for the detection of a and 8 particles 
in smear samples, L, Costrell, A. Schwebel, and G. W. Zimmer, 
Health Phys. 9, No. 6, 643 (June 1963). 

The occurrence of short-duration cosmic noise absorption events 
inside the southern auroral zone, C. S. Gillmore, Jr., and 
J. K. Hargreaves, J. Atmospheric and Terrest. Phys. 25, 311— 
317 (June 1963). 

An unmodulated twin channel microwave attenuation measure- 
ment system, D. H. Russell, ISA 18th Annual Conf., pp. 1-17 
(Sept. 1963). ° 

Application of distillation techniques to radiochemical separa- 
tions, J. R. De Voe, Natl. Acad. SciNatl. Res. Council 
Nuclear Science Series, Radiochemical Techniques NAS— 
NS3108 (Aug. 1962). 

Physical measurements and experiment design, W. J. Youden 
(Collog. Intern. Centre Natl. Recherche Sci., Aug.—Sept. 
1961), Book, Le Plan d’Experiences, No. 110, p. 115 (Centre 
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National de la Recherche Scientifique, Paris, France, 1963). 

Airglow research, F, E. Roach, Trans. Am. Geophys. Union 44, 
No. 2, 431-432 (June 1963). 

The National Bureau of Standards reactor facility, C. 0. Muehl- 
hause, Capital Chemist 12, No. 1, 7-10 (Jan. 1962). 

Remarks on coincidence experiments with visible light, Z. Bay 
and P. S. Farago, Proc. Royal Soc. Edinburgh, Sec. A. Math. 
and Phys. Sci. LX VI, Pt. 11, No. 10, 111-115 (Royal Society 
of Edinburgh, Edinburgh, Scotland, 1963). 

Determination of rhodium in rhodium-uranium alloys by precipi- 
tation with hydrogen sulfide, E. J. Maienthal, Anal. Chem. 
35, 1094-1095 (July 1963). 

Determination of bitumen content in expansion joint fillers, 
E. Horowitz and J. Mandel, Mater. Res. Std. 3, No. 9, 723- 
725 (Sept. 1963). 

Time and frequency broadcasting, A. H. Morgan, ISA J. 10, 
No. 6, 49-54 (June 1963). 

Distillation, A. T. Leslie and E. C. Kuehner, Analytical Chem- 
istry Handb. XIII, Methods of Separation, ed. L. Meites, Sect. 
10, pp. 10-23-10-42 (1963). 

Precision and accuracy in electromagnetic measurements, R. D. 
Huntoon (Intern. Conf. Precision Electromagnetic Measure- 
ments, Boulder, Colo., Aug. 14-17, 1962), IRE Trans. Instr. 
I-11, Nos. 3 and 4, 84 (Dec. 1962). 

Quadrupole coupling constants from the microwave spectrum 
of hydrazoic acid, R. A. Forman and D. R. Lide, Jr., J. Chem. 
Phys. 39, No. 4, 1133-1134 (Aug. 15, 1963). 

Absolute calibration of the National Bureau of Standards photo- 
neutron source: III. Absorption in a heavy water solution of 
manganous sulfate, R. H. Noyce, E. R. Mosburg, Jr., S. B. 
Garfinkel, and R. S. Caswell, J. Nucl. Eng. 17, No. 7, 313- 
319 (1963). 

Determination of differential X-ray photon flux and total beam 
energy, H. W. Koch and J. S. Pruit, Nucl. Phys., ed. L. C. 
Yugan and C. Wu, 5, Ch. 2.8.2, 508-553 (1963). 

Metallurgical microanalysis with the electron probe, J. R. Cut- 
hill, L. L. Wyman, and H. Yakowitz, J. Metals AIME 15, No. 
10, 763-768 (Oct. 1963). 

Heating rate as a test of adiabatic calorimeters and the heat 
capacity of a-alumina, E. D. West, Trans. Faraday Soc. 59, 
No. 489, Pt. 9, 2200-2203 (Sept. 1963). 

Large longitudinal retarded elastic deformation of rubberlike 
network polymers. II. Application of a general formulation 
of nonlinear response, H. Leaderman, F. L. McCrackin, and 
O. Nakada, Trans. Soc. Rheol. VII, 111-123 (1963). 

A new standard of spectral irradiance, R. Stair, W. E. Schneider, 
Een K. Jackson, Appl. Opt. 2, No. 11, 1151-1154 (Nov. 

Intercomparisons of the standard thermal-neutron flux density 
of the National Bureau of Standards, W. M. Murphey and 
J. Chin (Proc. Symp. Neutron Detection, Dosimetry and 
Standardization, International Atomic Energy Agency, Atomic 
Energy Research Establishment, Harwell, England, Dec. 
10-14, 1962), Book, Neutron Dosimetry II, 513-521 (Inter- 
national Atomic Energy Agency, Vienna, 1963). 

Short-duration visible afterglow in helium, A. L. Schmeltekopf, 
Jr., and H. P. Broida, J. Chem. Phys. 39, 1261-1268 (Sept. 
1963). 

Interpretation of pH measurements in alcohol-water solvents, 
R. G. Bates, M. Paabo, and R. A. Robinson, J. Phys. Chem. 
67, 1833-1838 (1963). 


Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, Government 
Printing Office, Washington, D.C., 20402 (foreign postage, one- 
fourth additional). Reprints from outside journals and the 
NBS Journal of Research may often be obtained directly from 
the authors. 
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